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TECHICAL MEMORANDUM _
CONCEPTUAL GEOTECHNICAL ASSESSMENT
. FOR SEDIMENT REMOVAL ' '
ASHLAND/N ORTHERN STATES POWER LAKEF RONT SITE
ASHLAND WISCONSIN

The Ashland/Northern States Power Lakefront site is located on the shore of Chequamegon Bay,
Lake Superior, in northern Wisconsin. The site includes approximately ten acres of
contaminated lake-bottom sediment located immediately offshore. Weston Solutions, Inc.

~ (WESTON®) was tasked with completing a preliminary* geotechnical assessment .of potential

design and construction issues associated with removal of these near-shore sediments using dry
excavation techniques. This technical memorandum describes the analyses completed as part of

“this assessment, assumptions included in the assessment, limitations of the analyses, and

recommendatlons for add1t10na1 evaluatlons

Summarv_ of Project Understanding

Contaminated sediments, which have been covered by a layer of wood chips and wood debris,
have accumulated on the bay bed. The most heavily contaminated materials have been found to
be located within 200 feet of the shoreline with less heavily contaminated materials located at a

‘distance of up to approximately 800 feet from the shoreline. According to the Proposed Plan for

the site, the preferred Remedial Option for sediment cleanup in the Chequamegon Bay of Lake
Superior is to remove the more heavily contaminated near-shore materials using dry excavation
methods, and removal of the less contaminated sediments located further from shore using wet
excavation (i.e., mechanical dredging) methods.

An analysis of excavation bottom heave prepared by Foth Infrastructure & Environmental, LLC

~ (June 1, 2009) suggested that basal heave, due to a significant artesian head in a deeper aquifer

stratum, could pose a significant risk to worker safety, which could in turn negatively impact |
removal of the contaminated sediments using dry excavation techniques. Foth, in their

- memorandum, did acknowledge that they used a simplistic approach to evaluate basal heave.

That is, they simply compared the total downward vertical stress at the top of the aquifer to the
hydraulic uplift pressure created by the artesian head at the top of the aquifer to define a Factor
of Safety (FS) against basal heave. This is noted to be both simplistic and conservative since it
neglects the shear strength of the uplifted soils along the vertical sidewalls of the failure mass.

Objective

The objéctive of this assessment is to complete a more rigorous and thorough evaluation of not
only basal heave but other failure mechanisms that could pose a potential risk to workers, the
environment, and to the successful completion of the project. Recommendations will be
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provided with respect to the likelihood of successfully completmg removal of contarmnated near
shore sediments using dry excavation techniques.

Design Considerations

A number of design considerations related to the ability to safely and successfully complete
removal of near-shore sediments using dry excavation techmques have been identified as
. outlined below.

'1. Structural stability of the sheet pil.e retaining wall required to dry excavate bay
bottom sediments;

2. Upheaval of the bay bottom dry excavation surface using Foth’s approach' modified to
include the shear strength along the assumed vertical sidewalls of the failure mass;

- 3. Excavation bottom blowout due to shear failure of the cohesive aquitard soils induced
~ by the dry excavation and the artesian head in the aquifer, which underlies the
aquitard; and

4. Piping (i.e., liquefaction) of cohesionless bay bottom sand and silty sand sediments at
the surface of the dry excavation due to upward hydraulic exit gradients.

Of these design considerations, structural stability of the sheet pile wall, excavation bottom

blowout and piping of bay bottom sandy sediments are significant worker/equipment safety
concerns and represent potential “fatal flaw” failure mechanisms. In contrast, upheaval of the

bay bottom dry excavation surface simply indicates the potential for the bay bottom excavation
surface to rise in elevation as a result of the upward artesian pressure in the underlying aquifer.
This mechanism becomes more likely as the overburden load due to free water and excavated
bay bottom sediments is sequentially removed in the dry excavation scenario. The “elastic
extension of the soil below the excavation bottom due to load rehef by excavating ...” i “only a

problem of usability’.” It is further noted that upheaval is a primary concern when it is necessary

to achieve a specified design excavation bottom elevation for the construction of structural
elements, such as floor slabs or footings. Upheaval on such projects may require the over-
excavation of excavation bottom soils to achieve the targeted .design excavation bottom
elevation. The design elevation would depend on the estimated magnitude of upheaval of the
excavation bottom. In the context of this analysis upheaval (basal heave) does not equate to
failure.

! Geotechnical -Engineerzlng Handbook (Volume 3), edited by Ulrich Smoltczyk, 2002, John Wiley & Sons..
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Analyses

The following sections present summaries of the preliminary design analyses.

Introduction

The fo'llow'mg analyses are based on the initial assumption that a series of sheet pile walls will be
installed around the complete perimeter of the proposed dry excavation area at on-land and in-
water locations consistent with a preliminary remedial action plan developed by others. This
alignment is shown in Figure 1. The distance from the on-land shoreline to the in-water parallel
sheet pile walls is understood to be about 200 feet. Following complete installation of the on-
land and in-water sheet piling, the dry excavation footprint would reportedly be fully dewatered
followed by dry excavation of contaminated bay bottom sediments within this footprint to a
5-foot depth. |

Development of Engineering Properties and Subsurface Cross-Section

Preliminary analyses have been completed in support of each of the deéign considerations
discussed above using available site subsurface exploration data (i.e., on-land and in-water test
boring and well/piezometer logs) as well as limited geotechnical laboratory test data, which were
available for this study. The development ofa “Conceptual Design Subsurface Profile” and the
physical/engineering properties of the various soil strata, which comprise this profile, is
documented in Appendix A and summarized on Page 42 of this appendix. The selected physical
and engineering properties of the four soil strata, which comprise this profile, are summarized in
Table 1.
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Table 1
Summary of Physical and Engineering Properties of Site Soils*
USCS Total Unit Undrained | Internal Vertical
Soil Type - |, Descrintion Weight Shear Strength | Friction Angle Permeability
. P (pef) - . (psh) (deg) (cm/sec)
Bay Bottom Granular : o '
Soils (Silty Sand and SP/SM 101 0 : 26 1x107
Sand) ’ '
Aquifer (Sands and ; . : 3
1 .31 -0 :
Silty/Clayey Sands) SPISM/SC ! 3 o : ' Ix10
Aquitard (Low Plasticity cL | 1245 660 0l mao?
Clay Soil) L
Aquitard (Low Plasticity -
S - 1250 0 1x1
Clayey Silt Soils) ML 130 x10

*Data from Appendix A, p.42

USCS- Unified soil classification system
pcf- pounds per cubic foot

psf- pounds per square foot

deg- degrees

cm/sec centimeters per second

Information - mcluded on logs from water-based test bormgs 2900N/1500E and 2900N/2000E
(i.e., physical descriptions and measured standard Penetration Resistance values [i.e., “N-
_ values™]) were pr_imarily used in the development of the Conceptual Design Subsurface Profile.
Where necessary, these data were supplemented by on-land shoreline test borings/monitoring
wells MW-24A, MW-25A and MW-26/26A. For example, the water-based test borings
2900N/1500E and 2900N/2000E did not fully penetrate the combined CL and ML strata, which
comprise the aquitard. Therefore, the on-land shoreline borings/well logs were used to
determine the aquitard thickness. Therefore, in using the three on-land test borings, the average
of the combined ML and CL strata thicknesses shown on logs MW-24A (i.e., 32.5’) and MW-
25A (i.e., 23’) was used to determine an average aquitard stratum thickness of 28’ for use in the
various stability-analyses. (The thickness of the aquitard shown on MW-26/26A of 41 feet was
conservatively neglected in the development of the average thickness.) Further information
based on the Conceptual Design Subsurface Profile is summarized in Table 2.
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Table 2

Preliminéry Design Subsurface Cross-Section

USCS- Unified soil classification system
fi- feet

Sheet Pile Design

Five feet of contaminated sediment are to be removed from the bay bottom using dry excavation
techniques. Based on the Conceptual Design Subsurface Profile, this will require the sheet pile
wall to safely retain 7.5 feet of free water and 5 feet of sandy soil (bay bottom sediments). A |
cantilevered sheet piling installation is appropriate for this work. A conceptual sheet pile design
was therefore completed using the developed subsurface profile modified -for the above
assumptions as documented on Page 4 of Appendix B. The 'analysis was completed using
PROSHEET, a steel sheet piling design program developed by Skyline Steel Corporation. The
results of the PROSHEET analysis are presented in Appendix B. The analysis indicated that the

USCS Surface .
Stratum Description Elevation (ft) | ‘Thickness (ft)
Free Water --- 602 7.5
. Bay Bottom Sands /Silty Sands - SP/SM 594.5 8.5
Aquitard CL 586 8
Aquitard ML 578 - 20
Aquifer SC/SM/SP 558 To depth .

sheet geometry and structural properties presented in Table 3 would be required.
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Table 3
Reqmred Sheet Pile Properties’
(Conceptual Design)

Property ' Value
Total length'? ' 45 ft
Stickup length’ (above excavation bottom) 155 ft
Embedment depth® (below excavation bottom) 27.4 ft
Minimum section modulus - 25.19 in’/ft
Steel grade/yield strength ' A572 Grade 50

1The actual calculated length was 42.9 feet.

2The stickup length includes 3 feet of freeboard above elevatlon 602 feet the bay water
surface elevation.

*Includes a factor of safety (FS) of 1.3 on calculated embedment depth.
*Data from Appendix B
ft- feet '

in*/ft- cubic inches per foot

It should be noted that no external forces, such as those due to wave and ice loading, were

included in the preliminary de51gn

Possible sheet pile sections, which satlsfy the preliminary de51gn criteria, mclude AZ-14/770
(25.2in’/ft), PZC-14 (26.0in*/ft) and PZ-27 (27.0in*/ft). Due to the dewatering of the inside area
of the sheet pile creating a differential in water pressure head alonf the sheet pile wall, the
. selected sheet pile section must have hot-rolled (i.e., watertight “ball and socket” geometry)
interlocks to minimize water leakage into the dry excavation area.

" Upheaval of the Bay Bottom Excavation Surface

Upheaval of the surface of the bay bottom excavation can be a concern if a saturated permeable
soil strata, which tends to “confine” and therefore pressurize the pore water in the permeable
layer to values greater than hydrostatic pressure, exists below an impermeable soil strata. In this
instance, the impermeable stratum, as well as any overlying strata, have a tendency to be uplifted
by the water pressure within the permeable layer. The significant artesian conditions in the
aquifer at this site exacerbate this concern. The method used to determine upheaval of the lake

bottom surface was similar to the method used in Foth’s basal heave analysis with the exception

that soil shear strength along the assumed vertical shear planes of the uplifted failure mass was
included in the analysis. The modified upheaval analysis is presented in Appendix C. The
analysis evaluated various failure mass geometries ranging from 1-foot by 1-foot up to 200 feet
by 200 feet in plan dimensions as summarized in the table presented on page 12 of Appendix C.

- It is noted that the calculated Factor of Safety against upheaval decreased as the footprint size
IAWO\START3\34241268TM.DOC - 6 342-2B-AFGQ
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(area) .of the failure mass increased. Assuming that a minimum FS value of 1.25 is appropriate
for this analysis, the table in Appendix C indicates that the dry excavation plan footprint should
not exceed 150 feet by 200 feet. This, in turn, suggests that it would be possible to install an in-
‘water sheet pile wall approximately 200 feet from the shoreline as presently conceptualized as
long as sheet pile walls perpendicular to this wall separated by no more than 150 feet were also
installed to subdivide the dry excavation footprint into 150 feet by 200 feet cells before.
dewatering of any given cell to complete the dry excavation is permitted, see Figure 2.

Excavation Bottom Blowout

Excavation bottom blowout .analyses are only applicable to saturated . clayey soils under

“undrained conditions. This condition represents a potential rotational shear strength failure in the
clayey soils which underlie an excavation bottom, and can be evaluated using several available
quantitative procedures. These include the bearing capacity method, the slip circle method and
the negative bearing capacity method. As discussed in detail in Appendix D, the negative
bearing capacity procedure was selected for this study because it is widely used to evaluate
excavation bottom stability, and typically yields a lower, and therefore, more conservative FS
value as compared to the remaining two procedures.

In particular, a negative bearing capacity procedure: developed by Bjerrum and- Eide?, which
permits the FS value to be calculated for the case of 2 cohesive soil layers underlying the
excavation bottom, ‘was used for this stability evaluation. As documented in Appendix lj, the
analysis yielded a Factor of Safety value of 1.63 which exceeds the minimum recommended for
this stability evaluation. '

Exit Gradient Analysis

- Vertically . upward hydraulic exit gradients within a dry excavation cell footprint could
potentially destabilize the granular excavation bottom soils (i.e., the SP/SM cohesionless
materials); if sufficiently high. The nature of this process would be a fluidization of these
materials similar to liquefaction, and represents a significant safety concern regarding workers
and equipment which mobilize on the dry excavation surface. This phenomenon is referred to as
.“piping” in the geotechnical literature: '

Two physical mechanisms, one natural and the other r_nan—induced, could, on their own or. in
combination, result in piping in the excavation bottom SP/SM surficial soils. These include:

1. The upward gradient, which is naturally present in the SP/SM, CL and ML soil layers
beneath the excavation bottom, induced by the artesian head in the underlying
* granular soil aquifer. ‘

? Attachment to Appendix D, C.Y. Ou, Deep Excavation/theory and Practice, pp; 134-146
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2. The upward gradient, which will be induced immediately adjacent of the sheet pile
wall following its installation and dewatering of the free water inside a given 150-feet
by 200-feet sheet piling cell, induced by the higher free water head in the bay water
(elevation 602’ surface) outside of the cell.

- The first mechanism was evaluated and quantified using SEEP/W, a commercially available
finite element software. The SEEP/W results are presented in Appendix E. Page 7 of the
appendix depicts the upward flow induced by the above mechanisms. In addition, page 9 of this
appendix presents a plot of the estimated exit gradient relevant to the assumed dewatered dry
excavation groundwater level (elevation 587.5’) across the width of the excavation. The
numerically insignificant average value of this exit gradient (i.e., 1.7x107 fu/ft) is assumedly due
to the ‘Very significant head loss/water pressure loss induced in the upward flow as it migrates
through the 28 feet aquitard thickness. Note also that the highest exit gradient predicted by
SEEP/W (ie., 2x10” ft/ft) occurs first inside the sheet piling retalnmg walls. This behavior is
well known in geotechnical engineering practice.

In this regard, a second quantitative procedure was also completed to estimate this maximum
upward exit gradient immediately adjacent to, and inside of the sheet pile walls. This analysis is
also included in Appendix E, and is consistent with the very conservative assumptiori that the
entire subsurface environment consists of the SP/SM granular soils which comprise the

excavation bottom (i.e., the ML and CL aquiclude soils are assumed to be non-existent), and

therefore, much lower head loss/water pressure loss occurs in the underflow beneath the sheet
piling before the underflow emerges just inside the sheet pile walls at the maximum exit
gradient. The calculated maximum exit gradient using this procedure was 0.187 ft/ft.

The above calculated exit gradient values based on the two physical mechanisms which create
vertically upward flow toward the excavation bottom can be summed to define the exit gradient

which, if significantly high, can induce piping in the SP/SM excavation bottom soils. This value

(i.e., 0.187 + 1.7x10” = 0.187) can be compared to the critical gradient in the SP/SM soils to
deﬁne a FS against piping instability. This latter value was calculated to be 1.034 based on

laboratory test data (see Appendix E). The corresponding FS value was determined to be 5.53.

- (i.e., 1.034/0.187). This value is greater that the recommended minimum FS value of 4 to 5 for
piping instability analyses.

Conclusions and Recommendations

It must initially be stated and understood by all relevant project participants that the analyses,
conclusions and recommendations presented herein are based on limited site-specific

geotechnical field and laboratory data, and therefore, must be considered preliminary and
conceptual-level only. However, based on our work effort in completing this study, WESTON is
of the opinion that the near-shore, bay bottom sediments likely.can be safely removed using dry
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excavation techniques assurning that conceptual planning, final design engineering and
implementation of the construction work are all properly executed. '

It is also noted that, in order for a final design of the dry excavation alternative to be properly
completed, additional geotechnical data are required. In particular, the thickness, shear strength
and permeability of the CL and ML strata, which comprise the aquitard are of primary interest.
In this regard, a geotechnical investigation program should be structured that will allow for the -
collection of the required data and should include both field investigations (e.g., test borings,
cone -penetrometer testing, in-situ vane shear testing) and laboratory testing (e.g., undrained
triaxial shear strength, vertical permeability, unit weight, moisture content, and physical
properties) on recovered 'split-spoon and Shelby tube samples of the encountered soils. The field
investigation program should be structured to obtain data from across the entire footprint of the
proposed dry excavation area. In this regard, variability in the subsurface data is likely, which
may result in several different sheet piling designs along the alignment of the wall including, for
example, the selection of different sheet piling sections and/or lengths for different portions of
the alignment, and variation in the width (i.e., “B” dimension) of the sheet pile cells across the -

~dry excavation footprint.
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© CLIENT/SUBJECT W.O. NO.
"TASK DESCRIPTION e - TASK NO. ——
" PREPARED BY | DEPT _DATE_ | APPROVED BY
MATH CHECK BY _ | ' DEPT DATE
' METHOD REV. BY DEPT DATE DEPT DATE

' 20" 4 55/2 —
04P-068 '







' SHEET i of

CLIENT/SUBJECT ' _ - W.0. NO.

TASK DESCRIPTION : o TASK NO. -
PREPARED BY DEPT DATE

- APPROVED BY

"MATH CHECK BY ' "DEPT _ — DATE

~ METHOD REV. BY : DEPT ' { DEPT_

DATE ___
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SHEET____of ___
CLIENT/SUBJECT ___ ' - W.0. NO.
TASK DESCRIPTION TASKNO. _
PREPARED BY ____ DEPT DATE _ APPROVED BY
 MATH CHECK BY _ _ DEPT DATE |
~ METHOD REV. BY ' DEPT DATE DEPT DATE -

3) 5/7 M#D?ﬁfw
VMM «Q/QbOZ/ ‘;Zgwg

."' Lo @w«'\ f 2+ ¢ |
RPN Qﬁ% kz%'/ﬂ{é?/ﬁ#(@_,
o - Bw,fé 250/ 5€ = 535

n employee-owned company




RWESTEN N

_ L\ 5oluTionl ' SHEET ___
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: o SHEET ___of ____
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State of ‘Wisconsin ° Route To: Soil Bering Log Information
Department of Natural Resources O3 Solid Waste 0 Haz. waste Form 4400-122 7-91
[J Emergency Response [ Underground Tanks
(J Wastewater [J Water Resources
: [J Other Page 1 of 1
Facility/Project Name License/Permit/Monitoring Number  |Boring Number
Ashland Lakefront Property _ 29N 15E
Boring Drilled By (Firm name and name of crew chief) Date Drilling Started ' {Date Drilling Completed |Drilling Method
Maxim Technologies; Brad Davis 3/12/96 3/12/9  |3.25" HSA
DNR Facility Well No. |W1 Unique Well No. Common Well Name Final Static Water Level |Surface Elevation Borehole Diameter
Feet MSL -590.6 Feer 7.0 Inches
Boring Location 0 AE AN Local Grid Location (If applicable)
 State Plane’ N, E Lat 46°35' 49 SN X E
1/4 of 1/4 of Section T N.R Long 90° 52' 59" 2900Feet [1 S 1500 Feet OO W
County i i IDNR County Code |[Civil Town/City/ or Village :
Ashland’ 02 Ashland
Sample | ' X i i Soil Properties
2| 8 Soil/Rock Description
Fg| 5| & And Geologic Origin For g g
_|EB| B = nd Geologic Origin For o lo el aled|e. £
212 92| = " Each Major Unit L |E Sl E 1SE|25|2=|¢= g (3¢
E |28 2| & ' » | S0FP 8 |52EEISEIZE 5¢€
5 2 L O . = Sl =[S oi{.TE|SE N IO06
z |92 ® | O o> 6328 & [5&ISSIS3IE3] a 120
1 8 | = ~ Wood chips 06| 4 |
L4 L : :
/U /‘{ T s Brown, loose-medium dense SAND; SP | : Pl
‘ - 71 lintle to some Silt, trace Gravel, no - SM
21 g ! discernable odor 450015
i AS¢ E—3.0 ; . . ol H
A B - ST |
3 1 12 (s bk 1 ) 0.2~ 20
0'1&,'-_4'5 i
| ,E_ 0 !
aff 10 e T - | 8
N=%: |9
7.5 o e et :
r l Brown, medium stiff, lean CLAY;
s 8T l some Sand wo- |8
N=B590! -
E | & L v !
10.5!
6 16 |37 - 10.55_ S : 190~ | 10
N= (@ 7 | !
: —12.0 ;
=
TR0 s -
Tux - '
P,
5042 :
s | 20 pvmmt Brown, medium dense-dense SILT; 80r--
' ,\_)'ﬁ A i some fine grained Sand -
-6 - ML 1
1 | End of Boring @ 17.0' —— > ,,L?_,
; e - |

I hereby certify that the informartion on this form is true and correct to the best of my knowledge.
Signaure Firm SEH 421 Frenette Drive
Chippewa Falls, W1. 54729

: S iy 4
T2, F i | ZSEH '
<, > A Tel: 715-720-6200, Fax: 715-720-6300 .

This form is;{u.hori_zcd by.Chapiers 144, 147 and 162, Wis. Stats. Completion of this repon is mandatory. Penalties: Forfeit not less than $10 nor
more than $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or both for each violation.
Each day of continued violation is a separate offense, pursuant to ss 144.99 and 162.06, Wis. Stats.

—---l-;—l—q-;-‘q—-_-——‘ﬂﬂ‘



Soil Boring Log Infonnatim@

State of Wisconsin’ Route To: _
Department of Natural Resources {3 solid Waste [ Haz. Waste Form 4400-122 7-91
[J Emergency Response [} Underground Tanks
[J Wastewater [0 Water Resources
. D Other ¢ Page 1 of 2
Facility/Project Name License/Permit/Monitoring Number  |Boring Number
Ashland Lakefront Property. 29N 20E

Boring Drilled By (Firm name and name of crew chief)

Maxim Technologies; Brad Davis

Date Drilling Started
3/11/96

Date Drilling Completed
3/11/96

Drilling Method
3.25" HSA

DNR Facility Well No. |W1 Unique Well No.

Common Well Name

Final Static Water Level
' Feet MSL

Surface Elevation

590.3 Feet

Borehole Diameter
7.0 Inches

Boring Location

| Lat 46° 35' 49"

Tocal Grid Location (If applicable)

State Plane N, E _ . R N XK E
1/4 of 174 of Section T N.R Long 90° 52' 59" 2900Fcet (1 S 2000 Feet O W
County ' DNR County Code |Civil Town/City/ or Village .
Ashland 02 Ashland B
Sample | | Soil Properties . |
. .
2 l 3 Soil/Rock Description -
= [ 5 . . g @
SE é | = And Geologxc_ Onglr'l For 2 o el e |eg|e . E
S35 7 0 8 Each Major Unit - v |E Bl |SEIZ28|2olla ~ E
o T R : B = 80l x| u.ﬂ—'::—';;;"‘SOE
§S| &2 & »oERTE 2 |S5/88|TEBEl |03
13| @ | A o> |83|28| & (5&[S3!5353]£0! & 188
1 011 Wood ChipS 0.3/-- 5
1.5 | Brown, loose-medium dense, SILTY - | SM I
16 |z [:— SAND; trace Gravel, no discernable is 0 | o :
odor I - ’
Nrq o | '.
19 |k % ou- | 18
19 !&ll-ll-éé— 6.0 0.5/— 24
N=24
i 175
r
12 | = { ' 02~ | 4
N7 o0 19,6 |
L Brown, medium stiff-stiff, lean,  f\. '
10.5{ SANDY CLAY
6 12 | 3eeo- 0.6/-- 12
,Q& ( . ' \
12.0 _ -
L - {
L )
7 21 Shelby ' %
Tuhe t_13 5.
! r
| L
F=15.0 ,
s 24 |» [ - | 6 :
7 163 ¢ [ ! ‘
RNV ! |
r R - t
| e08 & (-5 !

1 hereby certify thar the information on this form is true and correct to the best of my knowledge.

Signature

Firm -

=St

SEH 421 Frenette Drive
Chippewa Falls, WI. 54729
Tel: 715-720-6200, Fax: 715-720-6300

~ This form is aflthorized by Chapters 144, 147 and 162, Wis. Stats. Completion of this report is mandatory. Penalties: Forfeit not less than $10 nor
more than $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days, or both for each violation.

Each day of continued violation is a separate offense, pursuant to ss 144.99 and 162.06, Wis. Stats.




State 0% Wisconsii: o

Soil Boring Log Information Supplement

R ) G R

1

Department of Natural Resources Form 4400-122A 7.91
Boriﬁg Number 29N 20E Use only as an attachment to Form 4400-122. Page 2 of 2
Sample : : ' Soil Properties
' o - . l
g8 Soil/Rock Description |
~ r—
= 5 L. . .. - ! @
_ -:,'g 31z ~And Geologlci Ongu'l For o o el o legle. ] £
- > | g Each Major Unit L E _E IS5 282222 2 3E
Elggl 2| B B w IE0S ¥ 5|85 25| 2E|BRE R |08
zZ (3@ | A > 03|28 & |5&,38)3323] & I&3 -
N i ;

End of Boring @ 17.5' ' i
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: / X SHEET_ __ _of __ _
CLIENT/SUBJECT __ W.O.NO.
TASK DESCRIPTION _ ' TASK NO.

MATH CHECK BY DEPT DATE ____
- METHOD REV. BY DEPT DATE : DEPT

DATE
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PREPARED BY ' DEPT DATE _ APPROVED BY .
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Fine Grained Soils
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 CLIENT/SUBJECT _ W.0. NO. __

o TASK DESCRIPTION ' - TASK NO.

E A B

PREPARED BY DEPT ___DATE APPROVED BY
MATH CHECK BY DEPT DATE . |
~ METHOD REV. BY _ DEPT DATE DEPT DATE
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| SHEET ﬁof _

CLIENT/SUBJECT - W.O. NO.

TASK DESCRIPTION ' TASK NO.
PREPARED BY DEPT ___ DATE . _APPROVEb BY
MATH CHECK BY . DEPT DATE:

" METHOD REV. BY _ DEPT DATE DEPT DATE
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'ZO

SHEET
W.0. NO.

TASK DESCRIPTION
PREPARED BY

MATH CHECK BY

METHOD REV. BY

TASK NO.
DEPT __ DATE APPROVED BY
DEPT _DATE
DEPT DATE DEPT DATE
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STANDARD PENETRATION RESISTANCE, N

PENETRATION RESISTANCE VS

/ SOWERS: T

T
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Pocket PenetrometeryReadings
Project: Ashland Lakefront
Project #: WIDINR9401
Date: 4/24/96
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State of Wisconsin
Department of Natural Resources

SOIL BORING LOG INFORMATION

Route To: _ Form 4400-122 7-91
O Haz waste

O Solid waste O - underground Tanks

O wastewater O water Resources

o Emergency Response O Other Page 1 o 3

Facitity / Project Name

Ashland / NSP Lakefront Superfund Site

License/Permit/Monitoring Number

h
/MMW 24A )

Boring Drilled By (Firm name and name of crew chief) Date Drilling Started Date Drilling Comp!e\ed W
Boart Longyear - Paul Dickinso 05 ,12 ,04 | 05 , 13 ,04 "
ay inson MM DD YY M M DD Y'Y 41/471D HSA
INR Fadility Well N¢ WI Unique Well No. |- Common Well Name Final Static Water Level Surface Elevation Borehole Diameter
i i e L : MW-24A Feet MSL Feet MSL 8:3  inches
Boring Location Lat Local Grid Location (if Apphcab(e)
State Plane N. E S/CIN : al — — — O N o e
QWL 14 of N\ tdofSection _33 T _48 NR_4 E long — — — Feet O s Feet o w
County DNR County Code Civit Town / City / or Village
Ashland 0 2 City of Ashland
Sample - Soil Properties %)
=2 . c 2
Z 1. ] . . e ] s € E
5 = | § 2. Soil/Rock Description 1 g o Iz 2 e £
: o . . . 2 = g0 S e Q
£ 8|8 | £ And Geologic Origin For o 21818 B (28 . lg_ |o |38
s P81z | = 2 |g13 )95 |s5 |e§i8E [RE |R |8
z 528 3 Each Major Unit 3 |62 1 & [6d |20 |35 RS |a |8
' — Grassed area
— 1
2
L
— 3
4
- FILL, CLAY, silty, trace gravel, moist,
soft, low plasticity, dark brown.
Contains brick fragments.
11
1 16 1,2 2
Y
- FILL, wood ships, dark yellow brown,
— 9 coal tar odor.
—— 10
33 - -
2 |12 45 SAND, fine grained, some silt, wet, loose, SM 7
poorly graded, dark reddish brown. g
- Driller reports hard drilling at 12
feet.
ML
—_ 14

| hereby cedify that the information on this form is true and correct to the best o

my knowledge.

Signature

Firm

NewFields, Madison, Wisconsin

This form is authorized by Chapters 144.147 and 162, Wis. Stats. Completion of this report is.mandatory. Penalties: Foreit not less than $10 nor more than $4,000 for

each violation. Fines not less than $10 or more than $100 or imprisoned not tess than 30 days or both for each violation. Each day of contnnued violation is a
separate offense, pursuant to ss 144 99 and 162.06, Wis. Stats
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State of Wisconsin
Department of Natural Resources

SOIL BORING LOG.INFORMATION SUPPLEMENT

4

55

Form 4400-122A 7-91
Boring Number MW-24A Page 2 o 3
Sample | = Soil Properties 2
Sl 2| 3 - 2| & c 2
N1 I I Soil/Rock Description 28] o |2€e- g
2153 9| = And Geologic Origin For w 1518 € |85 |38|2=|g=]8 8§
El2¢l 21 ® = . QI8 S8 |85 |=85|3E/8E} & | o
zZ |82 ® 2 Each Major Unit 3 |di= T |»d |2o|33|a5| a | &
il
| 28 ry moi - - 19
3| 204 3145 SILT, very moist, very stiff, non-plastic,
. dark reddish brown.
N |
ML
Ji .
47
4| 20| 910 16
\Ei |6
. CLAY, silty, very stiff, low plasticity, moist,
5 | 221 58 dark reddish brown. CL '
13,14 21
1 28
=
[ 2
L 30
6 {20 |12 K : o - :
23 CLAY, silty, medium stiff, low plasticity, CL
3 | very moist, dark reddish brown. -ML 4
- 3
;—34
L 35
7 8
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State of Wisconsin . SOIL BORING LOG INFORMATION SUPPLEMENT
Department of Natural Resources Form 4400-122A 7.91
Boring Number __MW-24A Page 3 of 3
Sample | sz s ’ Sail Prépenies -"‘_é
Z =~ - £ @
=l £ 3 . N e gl s < £
- g 3 e Soil/Rock Description 2181 o [28ie- £
£153] 9| = And Geologic Origin For o 512 < |€5|28|=-f2.l 2|8
Elgdgl 3| © . . O |gizs| o {ss|85(2El8E| 2|8
z |3z m 3 Each Major Unit S [o0]3] & |ad|=20|35jag3|a | &
7 8 : : CL
37 | CLAY, silty, medium stiff, low plasticity, ML
t very moist, dark reddish brown.
=
e
F— 40
. ) "r—
15,18 41 .
8 120 | g4z CLAY, silty, trace fine sand, trace fine }?/,‘-

~ gravel, moist, very stiff, low plast|<:|ty
42 dark reddish brown.

43

44

_if'lﬁll']uT'

SAND, some clay, little gravel, wet,
medium dense, poorly graded, dark sc

reddish brown. 7/ : ]

18

=&

SAND, medium to coarse grained, trace SP
silt, trace fine gravel, wet, dense, poorly

graded, reddish brown. 32

o
©w

EOB @ 52 ft, set well MW-24A at 51 ft.

[
Y

[92]
@

- o
N
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aE R B e

o (&
gtateofwlscoﬁm Ros: _ SOIL BORING LOG INFORMATION
epartment of Natural Resources _
P Route To: Form 4400-122 ) 7-91
O Haz waste

0 Sclid Waste O Underground Tanks

00 wastewater O water Resources

O Emergency Response O Other Page 1 o 3

Fadility / Project Name . License/Permit/Monitoring Number Boring ber )
- Ashland / NSP Lakefront Superfund Site e e MW-25A

Boring Drilled By (Firm name and name of crew chief) Date Drilling Started Date Drilling Completed \W

L 05 ,17 , 04 05 ,18 ,04 "
Boart Longyear - Paul Dickinson w05 vy v Do vy 4 1/4" ID HSA
" DNR Facility Well No.. . | W} UriihueWell_Nb_’ Common Well Name Final Static Water Level | | Surface Elevation Borehole Diameter
—_— e MW-25A Feet MSL ' Feet MSL 8.3 inches
Boring Location Local Grid Location (If Applicable)
State Plane N. E SICIN Lt — — — 0N = 3
" SW ya0f NW qsofsecton 33 T 48 NR_4 E Long e —— — Feel 0O g Feel O W
. County . DNR County Code Civil Town / City / or Village
Ashland - 0o @ 2 City of Ashland

Sample o : Soil Properties u
=1 Z £ ‘u::
1w B R . 8| & 5 E-

s | 31% & Soil/Rock Description 18l s [B2 lex E

= - P - = o 5¢

g 8|S | = And Geologic Origin For 9 &[S | [E5 (38 |z= 8= |5 |

5 28 1+= £ . . 2 al| 3 3 |s§ '68%535048

zZ 588 2 Each Major Unit S ol (& pa (2o |33 [ES (o« |8

L o m Q 5
— Grassed area
|
[~ ' | No samples collected above 15 feet.
C See boring log for P-25 for soil
— 2 descriptions.
3
L 4
il
[~ ¢ (
= -
— 8
— 9
[—— 10
— 11
— 12
— 13
— 14

| hereby cerlify that the information on this form is true and correct to the best of my knawledge. .

Signature ’ ' -Firm NewFields, Madison, Wisconsin

This form is authorized by Chapters 144.147 and 162, Wis. Stats. Completion of this report is mandatory, Penalties: Forfeit not less than $10 nor more than 34,060 forI
each violation. Fines not less than $10 or more than $100 or imprisoned not less than 30 days, or both for each vioiation. Each day of continued violationisa
separate offense, pursuant to ss 144,99 and 162.06, Wis. Stats




'State of Wisconsin SOIL BORING LOG INFORMATION SUPPLEMENT

Department of Natural Resources ~ ~ - Form 4400-122A 791
Boring Number MW-25A ’ Page 2 o 3
Sample | T . : Sail Properties -‘g
"z ~ P E @
5| £ 3 . _— gt c €
. ol g | 4 Soil/Rock Description s8] o [2%|e= E
28351 5| = And Geologic Origin For e 1812 5 (gz2]32 Tz %’é g 8
Z|8¢| 5| & Each Major Unit 2 16|z © |28 |23]85|85| o | 8
- %
15 %
%
1] 18 gg 181 CLAY, silty, moist, low plasticity, stiff, CL / 11
' reddish brown N //
- V%
L — 18 . 2
- é/
- %
— 1o
— A
20
CLAY, silty, very stiff, low plasticity, moist, %
21 20 ?'9113 — 21| dark reddish brown, trace sand and gravel 7 30

- 22

. s

24

AN

N

AN

N

MMM

lllrlllllllr

25

CLAY, silty, very stiff to hard, low plasticity,

3| 20l 811 moist, dark reddish brown. CL
12,14

A\

N\

DI

DI

X

CLAY, silty, hard, low plasticity, maist,

reddish brown. 32

4 |22 (812

20,18 CL

CLAY, as above to 36 feet

9,11 27
5 20 16,21




SOIL BORING LOG INFORMATION SUPPLEMENT

State of Wisconsin

Department of Natural Resources Form 4400-122A ) 7-91
Boring Number - MW-25A Page_3 of _3
Sample | = _ Soil Properties £
€l 2] % 2| § : £
S| 8] 3 ).e Soil/Rock Description 208l o 12€|e- 5
3 = . v . = O = [ 5¢c
£183] S| = And Geologic Origin For @ |12 & |23 |32|3 z| %=1 8 8
a . . L [ (7] . © . N
Zisegl 8| & /-EWrUmt 2 |52 & |&8|238|85|251 ¢
( ZLAY, silty, with SAND, tface gravel, wet, fﬂ sC oY
a7 Y3 . dense, dark reddish brown i C/ ’ /
e a ’
— Sand seam at 37 feet
L 38
- Driller reports soft drilling at 37 feet,
— water is rising in augers
9
40
| ' . . . SP
| SAND, fine to medium grained, medium :
dense, poorly graded, dark reddish brown -
8,9 41 24
6 |20 | 4523 :
AJ = 2 [ 42
43
— . EOB at 43 feet, set well MW-25A at 42 ft.
— 44 :
45
: .
|
47
[ 48
[ 49
50
—
— s2
=
A
.
-
| -
[ 57 .
—— 58
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State of Wisconsin - - SOIL BORING LOG INFORMATION

| hereby certify that the .informatic'zn on this form is true and correct to the best of my knowledge.

Signature o : Firm  NewFields, Madison, Wisconsin

This form is authorized by Chapters 144.147 and 162, Wis. Stats. Completion of this report is mandatory. Penalties: Forfeit not less than $10 nor more than $4.000 for
each violation. Fines not less than $10 or more than $100 or imprisoned not less than 30 days, or both for each vioiation. Each day of continued violation is a
separate offense, pursuant 10 ss 144.99 and 162.06, Wis. Stats

Department of Natural Resources
ke Route To: a .Form 4400-122 7-91 l
Haz. Waste
O solid Waste O Underground Tanks
O wastewater O water Resources :
_ O Emergency Response O Other Page 1 o 2
Fadility / Project Name . License/Permit/Monitoring Number Boring er )
Ashland / NSP Lakefront Superfund Site o . MW-26
Boring Drilled By (Firm name and name of crew chief) Date Drilling Started Date Drilfing Completed \M e ' I
) . 05 ,18 , 04 05 ,18 ,04 n '
Boart Longyear - Paul Dickinson - e Yy Y T 4 1/4" ID HSA
’ / y+:| Cornmon Well Name Final Static Water Level . Surface Elevation Borehole Diameter
L MW-26 . Feet MSL Feet MSL 8.3 inches l
Boring Location’ ¢ Local Grid Location (If Applicable)
State Plane N E S/CIN Lat — — — Oy OE
SW 1/4of NW. 1/4 of Section 39 148 Nr 4 E teng — — — _ Feet Os . Feet- O w
County ) DNR County Code Civil Town / City / or Village
Ashland 0 2 City of Ashland :
Sample - Sail Properties @
=2 . £ 2
2l [ = - - gl = < £
s | 818 |¢& Soil/Rock Description 2Bl s 22 |es E
= - - - — = ~ = o
2 8|S | = And Geologic Origin For o IE18 | & B3 (22 |z l&. {g |©
3 28] = = b RAas . S le| = & |85 |5 |ZE|BE |R |2
z [58 ]2 2 Each Major Unit 3 |65 | & |Bd [E0 |35 kS |a |8 I
|1 o @O [a) } .
— Grassed area _
L ’///
— 1 F_ILL, silty clay, dark brown 2 l
[—_ , | -gravelirock encountered 7
— Z
[ 3 l
— L g '
L 4
5 N s l
23 FILL, CLAY, moist, firm, low plasticity,
116150 dark reddish brown 7 :
K s .
SAND, some silt, trace gravel, wet, loose, l
poorly graded, dark brown, broken glass
- 7 | present
— 8 ! l
_ ) SM
— 9 ¢ l
FILL, SAND, fine to medium grained; trace
218 gravel, some silt, wet, loose, poorly graded, .4
dark brown, strong coal tar/sheen )
SAND, fine to medium grained, wet, loose, l
3116 poorly graded, dark reddish brown Sp 7




3!

State of Wisconsin : L SOIL BORING LOG INFORMATION SUPPLEMENT

Department of Natural Resources Form 4400-122A . 7-91

Boring Number _M_ ’ . Page 2 of 2

Sample Soil Properties

Soil/Rock Description
And Geologic Origin For
Each Major Unit

PID/FID
Moisture
Content

Liquid
Limit
ROD/Comments

Number
Length
Recovered (N)
Blow Counts (N)
Depth in Fest
Uscs
Graphic Log
Well Diagram
Standard ~
Penetration
Plastic

Limit

P 200

SILT, trace fine sand, non-plastic, very .
47 15 | stiff, wet, dark reddish brown, slight odor ML _ 18

iy W ae

EOB at 16 feet, set well MW-26 at 15 feet

F-Y

o
\

17

18
19.
20
21
22

23

24

26
27
28

29

w
o

© (7 w
[ B ‘C‘, N ‘_'."

|lll|IIl|I:I||IllllllllIq]lllll_l'lllllII|III|IIIIIIIIIIllmlllllllllllllll'lllll

W
(o]




* State of Wisconsin ' : SOIL BORING LOG INFORMATION
Department of Natural Resources . Route To: ) . Form 4400-122 7-91
R O Haz waste
U Solid Waste O underground Tanks
O wastewater O water Resources . .
a Emergency Response [d Other . Page 1 of 3
Facility / Project Name . . License/Permit/Monitoring Number Boring Nyg
Ashland / NSP Lakefront Superfund Site o MW-26A
Boring Drilled By (Firm name and name of crew chief) Date Drilling Started Date Driling Completed \-—D.nlll.ug_Methed/
' i ' 05 , 18, 04 05 , 18 ,04 ; :
Boart Longyear - Paul Dickinson wv oo Yy v oo vy 41/4" 1D HSA
DNR Facility Well No. || wi Unique weit No. | Common well Name Final Static Water Level Surface Elevation '| Borehole Diameter
—_—— = - — MW-26A Feet MSL ___Feet MSL 8.3 inches
Boring Location L Local Grid Location (If Applicable)
State Plane - N. E S/CN at —— — onN : OE
SW ti4of NW q40rsection _33 748 NR_4 _E long — — —. Feel . O g Feetl 0O w
County R . . DNR County Code Civil Town / City / or Village
Ashland 0 2 : "~ City of Ashland
Sample - Soil Properties )
=| Z. € £
1l T . e 8| ¢ c E
s | 315 2 Soil/Rock Description 2185 |23 |ec E
= . .. 2 a g 5 ¢
g 2|8 | £ And Geologic Origin For 2 1512 g 28 3¢ |2 [8= |8 IS
3 = . . o o a o c
Z B512 | & Each Major Unit 2 15125 |85 |85 |1BE |8 |T |6
| o m [a] . 14
- Grassed area
1 No-samples collected above 20 feet.
— See boring log for MW-26 for soil
— 2 | descriptions.
-
— 3
4
S
— 6
— 7
— g
~ g
— 10
— 11
12
—_ 14
| hereby certify that the information on this form is true and correct to the best of my knowledge.
Signature ’ ' Firm  NewFields, Madison, Wisconsin

This form is authorized by Chapters 144.147 and 162,.VVIS. Stats. Completion of this repert is mandatory. Penalties: Forfeit not less than $10 nor more than $4,000 for
each violation. Fines not less than $10 or more than $100 or imprisoned not less than 30 days, or both for each violation. Each day of continued violation is a
separate offense, pursuant to ss 144.99 and 162.06, Wis. Stats




CEDN

State of Wisconsin SOIL BORING LOG INFORMATION SUPPLEMENT

Department of Natural Resources : Form 4400-122A 7.91
.Boﬁhg Number.M . Page 2 of 3
Sample = . . _ Soil Properties 2
Z _ € ‘ z
o '2 3 . r gl s c E
5 sl 3 w Soil/Rock Description 21810 |28 le=| 5
£ 53 ‘g 5 And Geologic Origin For 2 |5[2] & %’; —ég 3= ié_.é g g
Z {32! 3 & Each Major Unit 2 161z & |as|38|335(e3] o | B
. /\
— 15
— 1 . ?
| l16 y .
: <
— A
— 17 h
- S0 P T N
- M L
— 18 : t @ .
- pre .
- .,._,,\/_,_ R S I
SILT, trace fine sand, wet, hard, non-
_plastic, dark reddish brown 45
: ML
CLAY, silty, trace sand, wet, stiff, low . | CL 13
plasticity, dark réddish brown :
No recovery, pushing rock -
13

CL

CLAY, silty, trace sand, moist, very stiff,

" low plasticity, dark reddish brown 20
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State of Wisconsin ’ : SOlL BORING LOG INFORMATION SUPPLEMENT
Department of Natural Resources Form 4400-122A ]  7.91
Boring Number —_MW-26A . . ' Page 3 of 3
Sample | = . Soil Properties 2
Sl 2| 3 2| & < g
| 8 3| ¢ Soil/Rock Description elgl o |22 |e- E
¢ | ~ £ . P =l B = = 35 o
£1%88] 5| = And Geologic Origin For 2 18ls| &5 [22]2¢8|3¢ 5E| 8 5
2122 2} & Each Major Unit g |6|z| & |ad|23|535|a5)a | @
) %
37
ST
- //
39 %
- /§
“ -
CLAY, silty, trace sand, moist, very stiff, low é
. i~ CL &
plasticity, dark reddish brown
11,12 41 / 31
5 116 | 19,24 %
42 | -sand seams present (<1/4” thick) below /f‘
= | 41 feet o ' %
43 7
- %‘
L 44 /
= /
-~ . Z
45 : : %
7 1 16 a2 CLAY, silty, little sand, trace gravel, moist, | CL % o6
nun gk | VY stiff, low plasticity, dark reddish brown | ML //:
48 5/§
- . _
= | o _
: CLAY, as above CL //
8 {18 1147 ML
14,23 % 31
-4 inch piece of wood encountered at 51.5 :{,///
feet 7
— 7
— 53 / 2
i %
- Driller reports soft drilling at 54 feet %
— 54 | er reports soft drilling a ee %
- 7
55
~ .| SAND, fine to medium grained, some silt,
9 10 |68.12 56 trace gravel, wet, dense, poorly graded, 37
7 dark reddish brown
N 438
sg | EOB at 61 feet, set well MW-26A at 60 ft.

N
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. | ot ont] SHEET_i_S f_
CLIENT/SUBJECT ' ' . . W.0O.NO. __
TASK DESCRIPTION ' TASK NO.
~ PREPARED BY __ DEPT DATE . ~ APPROVED BY
MATH CHECK BY -DEPT DATE
METHOD REV. BY . DEPT DATE DEPT _DATE
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T MLMWM
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_ ot SHEET —_"of
CLIENT/SUBJECT - ' _ W.0.NO.
~ TASK DESCRIPTION _ - __ TASKNO. __
PREPARED BY DEPT DATE ' APPROVED BY
MATH CHECK BY DEPT __._ DATE
METHOD REV. BY DEPT DATE | pept DATE

Hewvre = 41 @w zé/%\
(f/f = 32 >
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SHEET‘Z_Z .

CLIENT/SUBJECT _ W.0. NO.

TASK DESCRIPTION - ' TASK NO.

PREPARED BY DEPT DATE

APPROVED BY
MATH CHECK BY DEPT DATE

N METHOD REV. BY DEPT DATE

DEPT _ DATE

i
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| ] SHEET of
CLIENT/SUBJECT W.0. NO. _
TASK DESCRIPTION ' ' TASK NO,
PREPARED BY |  DEPT DATE APPROVED BY
MATH CHECK BY DEPT DATE | |
METHOD REV. BY __ DEPT DATE DEPT DATE

é‘mwﬁ/ ML,eoo&

04P-0685 mpl) owned company




" CLIENT/SUBJECT S | W.0. NO. _
TASK DESCRIPTION ____ '
" PREPARED BY | DEPT ' DATE

o S ) ) . .
. B .
o .

TASK NO.

APPROVED BY
MATH CHECK BY DEPT DATE

METHOD REV. BY DEPT DATE

DEPT DATE

&»w/(ru; “2%4A MW—25A X 7
| M) -~ ZL/%A &W -
| Nh}ﬂ’ v, P, d/r g’i s Aot

—

/\)/ 4 (< o
N = 32 (§P§>M®’7’L€A

N=zd (PY— Mu-zsa
N = 35 (5M) - mu-z¢fen

”&M //‘Z’Qai /\J,qu (6 ‘@T/g

an employee-owned company - -




d . . - SHEET ____of ____
CLIENT/SUBJECT - W.0. NO,
'fASK DESCRIPTION TASK NO.
- PREPARED BY DEPT DATE APPROVED BY -

MATH CHECK BY ' DEPT

METHOD REV. BY ___ DEPT _ DATE

. /%Wfﬁéﬁa@w e




TASK DESCRIPTION - | | TASK NO.

PREPARED BY DEPT _______ DATE | APPROVED BY =
'MATH CHECK BY '- DEPT DATE | .
METHOD REV. BY _ _ | DEPT DATE DEPT DATE

SHEE_TL( ( of ' ;

CLIENT/SUBJECT _ _ : ~ W.0. NO.

Ngé?4N_{'<§(i {gﬁi /ch .

== zoN 4 (s

e

; ,;’gﬁavﬂ\“ o @8 ¢
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an employee-owned comp
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